Numerous investigations discuss neutrino properties from low to ultra high energies. This review discusses several topics that are investigated in present day experiments. The first section covers the detection of τ-neutrinos of cosmic origin and describes the significance of the results. The second topic points out that the reported reduction of the antineutrino flux in reactor experiments may be created by short wavelength oscillations where the detector averages over several wavelengths and observes only an average reduction of the antineutrino flux. In many theories the propagating particles are Majoranas and have an anapole moment; they scatter on atomic electrons with a distinct signature inν e + e − →ν e + e − scattering.
Searching for Cosmic ν τ 's
The discovery of ultra-high energy cosmic neutrinos [1, 2] opens a unique window to test neutrino properties and mixing at high energies [3] . Determining the lepton flavor composition of the flux is significant for understanding mechanisms of their generation, propagation and interaction. At the production point the ratios of flavors are the following, in pion and kaon decays: ν e : ν µ : ν τ = 1 : 2 : 0 (1.1) in neutron decays: ν e : ν µ : ν τ = 1 : 0 : 0.
(1.2)
These ratios are modified in the propagation of states over cosmological distances. The oscillation between the states modifies the ratio among the three flavors generating a substantial component of τ-neutrinos arriving on earth.
The large neutrino telescopes are tuned to detect τ-neutrinos with results reported already by the IceCube collaboration. One analysis [4] computed the cross sections for the various flavors assuming similar energy and angular distributions for the three flavors and a functional form for the flux. The sum of contributions from the three flavors is compared with the observed number of events. Their results are shown in figure 1 with the colors indicating the degree of exclusion. Blue indicates the most excluded regions and red the preferred flavor composition on earth. The areas outside the curves are excluded at 68% and 90% confidence level. The black cross indicates the best fit for the composition on earth. This topic is just beginning to evolve and it is useful to consider additional criteria for identifying the component of tau neutrinos.
An alternative method for identifying τ-neutrinos in a large range of energies uses the decay τ → µν τνµ . This can be done by identifying events which contain hadronic showers and long tracks from muons. The τ-neutrino component is identified by measuring the energies E shower and E µ and then plotting the events as a function of the ratio y ′ = E shower /(E shower + E µ ). Since the leptonic decay of τ includes to missing neutrinos, the muon energy in the charged current interactions of ν τ is expected to be, on the average, lower. Alikhanov and myself carried out the detailed calculation [5] by adopting the quark-parton model [6] since the reactions we consider take place at very high energies. For experimental reasons the events will be averaged over the cosmic flux from a minimum and a maximum energy and normalized to the total number of τ-events in this range. We found
where Br = 0.17 is the branching ratio for τ → µν τνµ . We also took an average for incident neutrinos and antineutrinos, because in that case the quark distribution functions drop out in the ratios. In figure 2 is plotted the yield as a function of y ′ for three incident fluxes ν µ : ν τ = (1 : 0), ν µ : ν τ = (1 : 1) and ν µ : ν τ = (0 : 1). We note that for y ′ > 0.60 the three cases can be distinguished.
The distribution of events demonstrates that more ν τ -induced events populate the y ′ > 0.60 region. In the same region the muon-induced events decrease monotonically as y ′ → 1. Thus it will be useful to determine the different shapes of the curves and separate the ν τ and ν µ components. Up to now the reported number of events do not suffice to carry out a statistical analysis, however more events will be accumulating in the coming years in the running and in new experiments. 
The reactor Anomaly
In addition to the ultra-high energy neutrinos there are also several anomalies at lower energies which are explained by introducing additional states. The standard paradigm introduces three righthanded neutrinos being singlets under SU (2) L . The general Lagrangian is written as
where L w is invariant under the electroweak group, L s is invariant under the strong group and L m is a mass term generated through a soft breaking of SU (2) L . Denoting by ν L = (ν e , ν µ , ν τ ) and N R = (N R1 , N R2 , N R3 ) left-and right-handed neutrinos, respectively, we can write the mass term We seek solutions when the elements of m D are small relative to those of M so that an expansion in m D /M is possible. The unitary matrix that diagonalizes the mass matrix is 
with the coefficients given by
and similar formulas for U µi with i = 1, . . . , 4 [7] . I discuss next the reactor experiments where a beam of electron-type antineutrinos is generated and is detected at a distance of less than a few kilometers [8, 9] . In this situation there are three types of interference terms.
(i) The mixing of the two lighter eigenstates ψ 1 and ψ 2 is proportional to sin 2 ∆m 2 12 L 4E which for distances of kilometers or less is very small and will be omitted.
(ii) The mixing between the two heavier states, ψ 3 and ψ 4 , is of O(J 4 ) and will also be neglected. (iii) Finally there is the mixing of the heavier with the lighter states which produces the terms ν µ beams produced in the laboratories oscillate according to equation (2.4) and develop Majorana components. The Majorana neutrinos have only two electromagnetic formfactors, an electric dipole moment and an anapole moment. We denote the electromagnetic current by j µ (p 2 , p 1 ) which interacts with the electromagnetic field A µ as follows H int = A µ j µ . We are looking to find consequences of this interaction without making any particular assumptions concerning the origin of the formfactors.
Let u(p 1 ) and u(p 2 ) be spinors of the initial and final neutrinos. The current is given in terms of two formfactors [10] 
is the electric dipole moment which is odd under time-reversal and parity transformations. Up to now nobody measured F 3 (q 2 ) for any value of q 2 . This is not surprising as we expect this formfactor to be small by time reversal invariance. The second formfactor F 4 (q 2 ) was introduced by Zeldovich [11] and is known as the anapole. In the non-relativistic limit the anapole interaction reduces to [10] 
Recalling the Maxwell equations, the term in the square brackets is proportional to electric current, i.e. in the absence of an electric current it vanishes. In the scattering of the antineutrinos the recoiling electrons emerge close to the direction of the incoming particle (very small scattering angle). The cross section differential in the electron energy has the form
with m the mass of the electron and E ′ e the energy of the recoiling electron. The cross section decreases monotonically as E ′ e → E ν but not as fast as background. The background originates from charged and neutral current reactions of the electroweak theory. This cross section is 12) where I replaced the weak couplings g V and g A by their values. It also decreases as E ′ e → E ν by a larger factor and reaches the limiting value G 2 m 16π . The TEXANO experiment [12, 13] observed the decrease. However, the experimental errors are still very large to determine the limiting value or possible deviations (see figure 16 in reference [12] ). The cross section in equation (2.11) appears smaller but we should keep in mind that the factor (F 4 /m ν ) 2 is still unknown and can assume a large value. A similar analysis is possible for the reaction ν µ + e − → ν µ + e − and also in neutrino scattering on the Coulomb field of nuclei. A careful analysis must include also precise estimates of the neutrino flux.
Summary
Neutrino telescopes with large volumes of water began detecting astrophysical neutrinos. The flavor content of the cosmic flux is of great interest and I described a new method to identify the ν τ component.
In the low energy experiments, models with right-handed neutrinos always develop into Majorana particles whose interactions may become evident in electromagnetic interactions. Their scattering on atomic electrons will be a direct signal for identifying them. For such states I describe properties and results from the anapole formfactor.
An anapole moment has been considered as a coupling to WIMPs [14] and other dark matter particles [15] . I considered here the possibility that Majorana neutrinos when they propagate, they interact through the anapole moment. The new coupling will modify the recoil spectra of electrons for the reaction in equation (2.10 ). An analysis of neutrino interactions with general couplings appeared after the conference [16] . Their comparisons agree with the standard model calculations. Thus the studies so far indicate that we need accurate data for neutrino-electron elastic scattering. New results will be coming from present experiments [17] , from beam-dump experiments [18] and from the European Spallation Source [19] .
